Rural Electrification Administration 
Telephone ‘Engineering & Construction Manual 


Section 407 
Issue No. 1 
March, 1959 


HOW TO MAKE INSERTION LOSS MEASUREMENTS 
CONTENTS 


1. GENERAL 

2 . DEFINITION OF INSERTION LOSS 

3. DEFINITION OF DBM 

4. A.C. VOLTMETERS 

5. OSCILLATOR CHARACTERISTICS 

6 . D.C. "HOUSEKEEPING" 

7. WHAT FACILITY INSERTION LOSS INCLUDES 

8 . WHEN SHOULD REPEAT COILS BE USED IN INSERTION LOSS MEASUREMENTS? 

9. EFFECT OF PRESENCE OF INDUCED VOLTAGES (NOISE & CROSSTALK) ON 
INSERTION LOSS MEASUREMENTS 

10. SELECTION AND CALIBRATION OF OSCILLATOR AND TRANSMISSION MEASURING 
SET EQUIPMENT 

11. INSERTION LOSS TEST SETUPS 


LIST OF TABLES Page No. 


TABLE I, Relationship of DBM vs. RMS Voltage Across 600 Ohms 48-53 

TABLE II, "Wet" to "Dry" Attenuation Correction Factors 54 

TABLE III. Temperature Correction Factors 54 

TABLE IV. Reflection Losses In db for Various Facilities from 54-57 

1 to 400 KC/S 

TABLE V. Correction Factors to he Applied to the Voltmeter 58 

Readings in the Presence of Noise 


LIST OF FIGURES 


Figure 1. Measurement of Oscillator Internal Resistance 8 

Figure 2. Example 3 g 

Figure 3- Oscillator Internal Resistance Between 509 to 5^9 or 10-11 

631 to 698 Ohm Range 

Figure 4. Oscillator Internal Resistance Any Value Outside the 11 

570 to 630 Ohm Range 

Figure 5 ■ Example 4 12 

Figure 6. Example 5 13 

Figure 7- Example 6 l4 ■ 

Figure 8. Calibration of Oscillator Output Level for Oscillator 25 

Internal Resistance Between 

Figure 9 . Calibration of Oscillator Output Level for Oscillator 2 6 

Internal Resistance Between 509 to 5^9 or 631 to 698 Ohms 
Figure 10. Calibration of Oscillator Output Level for Oscillator 27 
Internal Resistance Less than 570 or Greater than 630 Ohms 
Figure 11 . Example 10 28 

Figure 12. Example 11 29 

Figure 13 . Example 12 30 

Figure l4. Example 13 30 



REA-TE & CM-407 


Figure 15 . 
Figure 16. 
Figure 17 . 
Figure l 8 . 
Figure 19 . 
Figure 20. 


Example l4 

Fundamental Procedure for Insertion Loss Measurements 

Etc ample 18 

Example 19 

Example 20 

Example 21 


LIST OF EXAMPLES 


Example 1 . Conversion of Volts Across 600 Ohms to dbm. 

Example 2. Conversion of dbm to Volts Across 600 Ohms. 

Example 3 . Measurement of the Internal Resistance of an 
Oscillator at 300 KC/S. 

Example 4. Measurement of Oscillator Internal Resistance 
Between 631 and 693 Ohms. 

Example 5 . Measurement of Oscillator Internal Resistance 
Outside the 570 to 690 Ohm Range. 

Example 6 . Power Output Capability of Oscillator Having 
Internal Resistance Greater than 698 Ohms. 

Example 7 . Correction of Attenuation Data for Dryness. 

Example 8 . Correction of Attenuation Data for Dryness & Temperature. 

Example 9 . Output Level Calibration of 595 Ohm Oscillator Prior to 
Measuring a 600 Ohm T pad. 

Example 10. Output Level Calibration of 595 Ohm Oscillator Prior to 
Measuring a Length of .080"-30$ C-S Facility. 

Example 11 . Output Level Calibration of 691 Ohm Oscillator Prior to 
Measuring a Length of H -88 Loaded Facility. 

Example 12. Output Level Calibration of 751 Ohm Oscillator Prior to 
Measuring an Unbalanced Network. 

Example 13 . Calibration of Oscillator in Above Example for Output 
Level of -10 dbm. 

Example l4. Output Level Calibration of 750 Ohm Oscillator Prior to 

Measuring Insertion Loss of 20 Miles of ,080"-30# Facility. 

Example 15 . Insertion Loss Measurement of 300 Ohm Resistive Shunt 
at 1 KC/S. 

Example 16 . Insertion Loss Measurement of Voice Pass Filter. 

Example 17 . Insertion Loss Measurement at 1 KC/S of a Central 
Office Connector Circuit. 

Example 18. Insertion Loss Measurement of 6 Mi. 22 gauge High 
Capacitance Cable H -88 Loaded at 1 KC/S. 

Example 19 . Insertion Loss Measurement at 1 KC/S of a Voice Repeatered 
Trunk Operating Over the Facilities of Example 18. 

Example 20 . Insertion Loss Measurement for Determination of 

Suitability of a. Line for the Application of Carrier 
Equipment. 

Example 21. Lineup of Carrier Channel for Net Loss of 3 db at 1 KC/S. 



Page No 


31 

35 

41 

43 

47 

47 


4 

4 

9 

12-13 

13 

14 


18 

18-19 

28 


28 


29 

30 

30 

31 

36 

37 

38 

4o 

42 

44-46 

46 



RR.-TE & CM- 407 


GENERAL 


1-01 This section Is intended to provide TEA "borrowers, consulting 
engineers, contractors and other interested parties with 
technical Information for use In making insertion loss measure- 
ments. It discusses in particular the method underlying the 
measurements, selection of test equipment, calibration of test 
equipment and gives representative examples encompassing 
typical REA facilities . It also defines terms used in con- 
junction with these measurements . 

1.02 This section does not contain information on when measurements 
should "be made or what corrective procedures are to "be employed 
if the measurement results indicate malfunctioning equipment or 
faulty facilities. These are covered in other sections of this 
manual and in appropriate REA recommended equipment, construction 
and service contracts. It does, however, provide means of 
checking whether the measured insertion loss of facilities is 
reasonably close to normal. 

DEFINITION OF INSERTION LOSS 

2.01 Insertion loss Is the loss (in decibels) which results when a 

network is introduced between a supply and a load. For the 
measurements considered in this section the supply will always 
he an oscillator and the load a resistor shunting an a'."c. 
vacuum tube voltmeter (a.c.-vtvm.y — ~ 

DEFINITION OF DBM 

3-01 Zero dbm (0 dbm) is a reference level and denotes a power 

level of one milliwatt into a 600 ohm resistor . DEM is always 
measured across a 600 ohm resistive load. All power levels 
above zero dbm are plus and all below minus. The relation 
between r.m.s. volts across 600 ohms and dbm levels Is shown 
Table I for levels ranging from +30 to -90 dbm. (24.5 to 
0.0000245 volts). 

3.02 All measurements in this section will be limited to insertion 
loss between a 600 ohm resistive source (oscillator) and a 
600 ohm load (resistor shunted by an a.e.-vtvm). The a.c.- 
vtvm dial may be calibrated in volts; or In volts and dbm*: oi> 
in dbm. 


- 3 - 
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3.03 Examples Showing the Relationship of dbm Versus r.m.s. Voltage 
Across 600 Ohms. 


Example 1. Conversion of Volts Across 600 Ohms to DBM 


1^.4, 0-775 and 0.00162 volts r.m.s. are read across a 600 
ohm resistor at various stages of a test; what power levels 
in dbm are indicated by the voltage readings. From Table I: 

Volts across 600 ohms Page No. Power Level in dbm 


12.4 

0.775 

0.00162 


46 

49 

52 


+24.1 

0 AMS . 

-53.6 


Example 2. Conversion of DBM to Volts Across 600 Ohms 


An a. c.-vtvm calibrated in dbm reads the following for three 
different measurements: +14.2, -11.7* -36.4. How many volts 
across 600 ohms does this correspond to? From Table I: 

Power Level in dbm Page No . Volts Across 600 ohms 

14.2 46 3.97 

-11.7 50 0.201 AMS . 

-36.4 51 0.0117 


Note: Care should be taken in selecting resistors for 
carrier frequency measurements. Every resistor has a 
frequency characteristic where, not only does the value 
of the resistance change as the frequency is raised, but 
it acquires a reactive component at some frequencies leading 
to error; this is particularly true of wire-wound resistors. 

Even some so-called ’'precision" resistors exhibit such 
characteristics in the carrier range. If the composition 
or frequency characteristic of such a resistor is not known, 
a carbon resistor whose d.c. resistance is closely known is 
to be preferred. 

AC VOLTMETERS 

4.01 Mon-Vacuum tube or non-transistorized types (v.o.m.) 

4.011 It is possible to use a "v.o.m." type meter (non-vacuum 
tube or non-transistorized a.c. voltmeter) for 
measuring dbm levels if three conditions are met: 

ncy range of the instrument is not 


ty (ohm per volt) of the instrument 

ii. 
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3- The accuracy tolerance Is adequate within the 
assigned range of the first two conditions. 

4.012 Such instruments usually have a narrow frequency 
range, low sensitivity and their accuracy is poor 
for the requirements in this section , particularly 
above 20 kc / s . It is not recommended that v.o.m. 's be 
employed for sucn measurement unless they are 
calibrated at all frequencies where their use is 
proposed, against a known good a.c.-vtvm . 

4.013 VOM type meters with accuracies of a few percent 
within their assigned range are available. They 
may be used therefore only if the frequency is low 
enough, the level to be measured high enough, and 
the sensitivity high. They are not recommended for 
most of the insertion loss work covered in this 
section. 

4.02 Vacuum Tube or Transistorized Types (a.c.-vtvm) 

4.021 The voltmeters of this type are characterized by 
very high input resistance, wide frequency range, 
and extreme sensitivity. "Loading", therefore, of 
the 600 ohm resistor is entirely negligible within 
the assigned frequency range. Similarly the power 
level required at the input to deflect the meter is 
in the micro-microwatt range, since the instrument 
provides electronic amplification. These ac-vtvm's 
may be a.c. or battery powered. An accuracy of jjo 
is considered adequate for the type of measurements 
discussed in this section and it is readily available. 

4.022 There are also vtvm's which measure a.c,, d.c. volts and 
d.c. resistance. They have very limited use in 
insertion loss measurements due to their low 
sensitivity in the a.c. range. Their most sensitive 
a.c. range rarely goes below 1.0 volt full scale. Their 
main field of application is in the measurement 

of d.c. voltage and resistance and are generally too 
insensitive for insertion loss measurements. 

4.023 While this section is not intended to be a specification, 
the characteristics that an a.c.rvtvm should have for 
measuring physical and electronic telephone plant (with 
the exception of VHF and UHF radio frequency measurements) 
are approximately as follows; 
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Instrument measuring a.c, voltage only. 


Minimum frequency range 
Minimum full-scale deflection 
Minimum input resistance 
Maximum shunt input capacitance 
Minimum full scale accuracy 


20 cps to 500 kc/s 
0.001 to 100 volts 
10 megohms 
25 micro-microfarad 
Not over 3# error 


4.024 Some of these types of instruments which appear 
suitable are the Hewlett-Packard Models 400D 
a.c.-vtvm and the battery operated transistorized 
Fischer Research Laboratory a.c. m illi voltmeter . 


5- OSCILLATOR CHARACTERISTICS 


5*01 The oscillator should have an output waveform that is 

substantially that of a sine wave and its output frequency 
should track the frequency Indicating dial within a few 
percent. Measurement procedures for determining these 
are more complex than those which would normally be 
expected in small telephone company operations and 
therefore will not be discussed here. The best way a 
purchaser of an oscillator has of assuring itself of 
good waveform and frequency tracking is in purchasing 
the products of reliable suppliers only. In the event 

t ffWv° rr ° Wer ° r en S ineer owns an oscillator about 
which there may be some doubt it probably will be found 
that one of the bigger telephone companies will lend 
assistance in determining these characteristics since 
they usually have the instrumentation and personnel 
capable of making such measurements. As a general 
principie if such an opportunity affords itself it 

Se U itni t f Cen , adVantage ° f re 8 ardles s of whether 
^ UtM iS suspect or n °t. It is good practice 

t^e fi?oth in rr nts every year ° r s ° and this 13 

true for other instruments beside oscillators. 

5 • 02 Frequency Kange 
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5-03 Balance of Output Terminals 

It. will be assumed herein that the output terminals of the 

^ re 1 ^ aianced ground, that is, one of the input 
rminals should be grounded for -proper operation. Although 
some types of oscillators have a pair of "balanced" terminals 
available care should be taken that the manufacturers’ instructions 
regai ng limitations of balance are followed as some oscillators 
present a "balanced" output only at maximum levels. 

5*0^ Internal Impedance and Output Voltage 

The internal Impedance should be 600 ohms and substantially 
resistive. Maximum open circuit output voltage should be not 
less than about 15 volts* 

5.05 While the following is not intended to be a specification, the 
characteristics that an a.c.-vtvm should have for measuring 
^ slcal aad electronic telephone plant (with the exception of 
Wan j UHP radio frequency measurements) are approximately 


Calibration .Accuracy; 
Frequency Distortion; 

Frequency Response; 

Frequency Range; 

Open Circuit Voltage: 
Internal Impedance 


i Un ^ er normal ambient temperature 
conditions. 

Less than 0*5$ over entire frequency 
range and independent of load 
impedance . 

+ 1 db over entire frequency range 
with 1000 cps taken as reference. 

20 cps to 5^0 kc/ s in 4 or more 
ranges* 

15 volts min* 

600 ohms, resistive over the 
frequency range* 


5.051 


An example of such an instrument which appears suitable for 

^Lr aSUrementS herein is the Hewlett-Packard Co. Model 
20(j(jD oscillator. 


5,06 Of QgiUgtg; Inte rnal Resistance . Measurements should 

he made to establish the internal resistance of any oscillator to 

5*^ 06l 6 which * naarti °" 1033 measurements described herein. Paragraph 
•" Ch , fodlows describes a method for determining the oscillator 
nternal resistance and gives step by step instructions.* For the 
me asurements in this section an oscill ator with an internal 

~ d ^ Ce , PetWeen .. >Y0aDa .^ O . Otos vl11 yl edd sufficig^ accurate 


results . 
falling outside this range. 


T®*®* sections describe treatment necessary on oscillator? 


♦Example 3, paragraph 5.062 provides an illustration of the above method. 
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06l Measurement of Oscillator Internal Resistance. 


This method for determining the oscillator internal 
resistance may he employed if a carbon resistor 
between 500 and 700 ohms whose value is accurately 
known by Wheatstone bridge measurements is available: 



Os dilator 
- A - 




- B - 


- C - 


Per Figure A. 

1 . 


2 . 


FIGURE 1 

Set oscillator to frequency of interest. 
Set oscillator output to maximum value, 
with output terminals unconnected. 


Per Figure B. 

3. Connect a.c.-vtvm across output of 
oscillator, and read the open circuit 
voltage, V g . 

Per Figure C. 

4. Without changing the oscillator output 
level, place a resistor (R^) whose value is 
known accurately (1$) across the terminals 
of the oscillator. 

5. Place the a.c.-vtvm across the resistor. 

6. Read in volts. (Vi should be preferably 
between one quarter and three quarters of 
Vg). If it is not, repeat step 4 with 
another resistor which will yield such 
reading of Vq. 

7. Oscillator internal resistance is: 




In Ohms 


8. Repeat the above procedure for each 
frequency of interest. 


- 8 - 
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5.062 

Example 3 





Oscillator 

- A - 


Per Figure 


Per Figure 


Per Figure 


Note 


Measure the internal resistance of an oscillator, 
at 330 kc/s. A carbon resistor marked as 680 
ohms is on hand and measures 667 ohms on a d.c. 
Wheatstone bridge. 



Oscillator 
- B 


a.c. -vtvm 


FIGURE 2 



A. 

1. Set oscillator at 300 kc/s. 

2. Turn output control to maximum. 

B. 

3. The a.c.-vtvm across the oscillator 
terminals reads 12.3 volts. 

C. 

4 . The a.c.-vtvm across the 667 ohm 
resistor across the oscillator 
reads 6.50 volts. 

5 . R - 667 - 1) 

g 6.5 

= 667 (1.692 - 1) 

= 667 x 0.892 
= 595 ohms ANS. 


The value of 6.5 volts Is within the one 
quarter to three quarters the osdllatqr 
open circuit voltage. 
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5 . 07 Treatment of Oscillators Having Internal Resistance Outside 
the 370 to 630 Ohms Range . 

5.071 As mentioned before, a value for oscillator Internal 
resistance between 570 to SjO ohms is considered 
sufficiently accurate for all the insertion loss 
measurements outlined in later sections of this manual. 


If the internal resistance falls outside this range, 
the oscillator may be treated with external resistors 
to, in effect, establish a new set of output terminals 
which will fall in the desired impedance range. 

(570-630 ohms). 

5.072 It is to be noted that these procedures to be outlined 
are a nuisance at best, and it is not recommended that 
an oscillator possessing such characteristics be 
purchased by an. REA borrower or consulting engineer 
for insertion loss measurements . The treatment of 
such oscillators is. outlined here to remedy situations 
where such an oscillator has been acquired in the past. 


5.073 Oscillator Internal Resistance Between 5°9 to 569 os’ 
631 to 69b Ohms . 

If the method outlined in par. 5.061 or Example 3 
indicates the oscillator internal resistance to be 
outside the limits of 570 to 630 ohms, a 5 db 600 ohm 
pad can be connected to the output terminals of the 
oscillator to bring it within the 570 to 630 ohm 
range, ThiB treatment is illustrated below in 
Figure 3 • 



N 

New "oscillator 
output terminals 



11 
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5-1 


The effect of the 600 ohm 5 db pad is also to reduce 
the available oscillator power to a 600 ohm level to 
as much as 5*2 db. It becomes, therefore, important 
after treating the oscillator to check its new output 
power to determine whether a level of 0 dbm can be 
obtained. This is accomplished by connecting a 600 
ohm resistor across the new "output terminals" and 
shown in Figure 3B. 


I o4- 

Oscillator 


-AAAA— 

168 sl 


— AAA/' 

l68«ru J 

600 < 

nh„« < 


FIGUEE 3-B 


5*075 Oscillator Internal Resistance Any Value Outside 
570^630 ohjn Range. 1 


This method has no theoretical limitations as to 
the value of oscillator internal resistance which 
can be corrected. Again, however, it should be 
borne in mind that if the oscillator internal 
impedance is considerably higher than 600 ohms 
little power will be delivered from the new 
output terminals to an external 600 ohms load. 
Therefore a 600 ohm resistor should be connected 
across the new oscillator output terminals to 
Indicate if the oscillator is capable of 
providing a reference level of at least zero dbm, 
The procedure is outlined below in Figure k. 

1 1 A 

, t— - — .■ — ,A/vyyv o. 

, t Eg ; 1~ 

I 1 I a.c.— I V 1 1 1 a+.nT* 


Oscillator 
j Output 
^ Terminals 


Oscillator’ 


FIGURE k -A 


600 Ohms 



-jWWvV 



~ TX — 



Oscillator - B - 


FIGURE 4-B 
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Per Figure A 1. 


Per Figure B 2. 


3. 


""Turn oscillator output level 
control to give 1.55 volts on 
a.c.-vtvm. 

When external 600 ohm load (R^) 
is connected across the new 
oscillator Output terminals, A 
and B, Increase oscillator output 
level control to maintain the 
original 1.55 volts (Vp) across 
the oscillator output terminals. 

Read the voltage Vq across the 
600 ohm load resistor Rp, 
directly in dbm on the a.c.-vtvm. 


5.0751 Figure 4 shows the a.c.-vtvm set to 1.55 volts . 
It is to be emphasized.' that the setting of the 
a.c.-vtvm is to he maintained constant at 1755 
voIts~by varying the oscillator output level 
co ntrol under all measurement and calibration 
conditions or this method of correcting for 
internal resistance outside the desired range 
is not valid . In addition, if the 1.55 volts 
can he maintained 'when a 600 ohm load resistor 
is placed across the new output terminals, the 
oscillator is capable of delivering zero dbm 
into a 600 ohm load. 


5,076 Example 4. ' MFasuremeirt’ of Oscillator Inter nal 
Resistance (Between 631 and "693"""ohmF) _ ' 

It is desired to measure the internal 
resistance of a certain oscillator at 1 kc/s 
to find out if any treatment external to its 
terminals is necessary. A carbon resistor 
marked as 56 O ohms Is found to be 558 ohms 
with a d.c. Wheatstone Bridge. 



12 - 
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Per Figure A: 


Set oscillator to 1 kc/s and turn output 
control to maximum. 


Per Figure B: Reading on a.c.-vtvm open circuit = 11.2 
volts . 

Per Figure C: Reading on a.c.-vtvm across 558 ohms = 
5.0 volts. 


- 1J = 558 X 1.24 = 692 volts 

The internal resistance of this oscillator 
is outside the accepted 570 to 63O ohm range. 
It may therefore be treated by either of 
the methods shown in Figures 3 and 4. MS. 



5 . 077 Example 5 - 


Measurement of Oscillator Internal 
Resistance'. (Outside the 510 ho &90 Ohm 
Ranged . ~~ 


The internal resistance of an oscillator is to be 
measured at 10 kc/s to find out if any treatment 
external to its terminals is necessary. A carbon 
resistor coded 820 ohms is found to be 815 ohms 
with a d.c. Wheatstone bridge. 



Oscillator 



FIGURE 6 


Per Figure A: Set oscillator to 10 kc/s and turn output 
level control to maximum. 

Per Figure B: Reading on a.c.-vtvm on open circuit = 

19. 4 volts. 

Per Figure C: Reading on a.c.-vtvm across 815 ohms = 

10.1 volts. 

R_ = 815 f - ll 815 X 0.92 « 750 ohms 

6 l 10.1 J 

The oscillator should be treated by either 
of the methods shown in Figures 3 and 4. ANS, 
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5. 07o Example 6 . Power Output Capability of Oscillator Having 
Internal Resistance Greater than 698 Ohms . 

To determine if the oscillator of Example 5 is capable 
of delivering 0 dbm or greater into an external 600 
ohm load, after treatment external to its output 
terminals has been applied according to Figure 7 * 


Oscillator 

r 


R s = 600 Ohms 




VWvM — 

>758 Ohms | 



1 

0.1 C * • 

-VtvnrJ 

600 

5fs 1 

. 

Ohms 

T ^ 4 v _L ] 




La. c. -vtvnig 


1 


FIGURE 7 


T 


Solution. It is not necessary to find, this out by direct 

measurement although it may be verified In this 

manner. An easier method allows to calculate tills 

from Ohms' law since R and V are now known. 

S 6 

1. Current in R L = = 19.4 = 9.95 ma. 

R g + R s + R l 750+600+600 

2. Voltage drop in R L = 1 L X R L = O.OO 995 X 600 = 5.96 volts 


3. From Table I this Is about + 17.7 dbm. 


4. The oscillator is therefore capable of delivering in excess 
of zero dbm into a 600 ohm load; it may therefore be 
considered suitable. 


5.079 Output Power Levels Other Than Zero DBM for Oscillators 
Treated per Figure 4 . — 

If other dbm levels at the treated oscillator output 
terminals are desired their appropriate voltage readings 
can be found from Table I. Note that 1.55 volts in the 
same table corresponds to +6 dbm. This is also in accordance 
with the half-voltage method which states that the oscillator 
output level control on open circuit should give a voltage 
reading that is 6 db higher than that desired into a 
600 ohm load (note also that the a.c.-vtvm 1 In Figure 
7 is not across the load above). Although using dbm 
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(600 ohm) tables in this manner may be questioned, 
the fact that we are only considering differences in 
level, (db's rather than dbm's) justifies it. The 
above procedures are slightly modified where 
repeating colls are required, as discussed below. 

6. D.C. "HOUSEKEEPING " 

6.01 Where measurements of facility (outside plant) insertion loss 
are to be made, the importance of the facilities being in a 
good state of d.c. housekeeping cannot be overemphasized. 

These facilities should be free from opens, shorts, crosses, 
grounds, leaks, or split pairs. Procedures toward that end 
are outlined in appropriate TOM and TE & CM Sections. 

7. WHAT FACILITY INSERTION LOSS INCLUDES 

7.01 In general, facility Insertion loss is not the same attenuation. 
Attenuation may be thought of as a special case of insertion 
loss where the characteristic impedance of the facility is 

the same as the Impedance of either the oscillator or the 
load. For the measurements outlined herein,, this value of 
600 ohms resistive is closely approximated at carrier 
frequencies in open wire lines average -spaced between 8 and 
12 inches. 

7.02 Facility Insertion loss includes: 

1. Attenuation . 

2. Reflection at the sending and receiving ends. 

3. Interaction between the sending and receiving ends as 
modified by the intervening network or facility. 

4. Absorption Peaks where the facility is open wire. 

7.03 The attenuation for most non-loaded facilities used by REA 
borrowers is contained in REA-TE & CM-4o6, Attenuation Data 
and that of loaded facilities is found in REA-TE & CM-431, 

Voice Frequency Loading for Trunk Cables. The data is given 
at a specific temperature aB Indicated in each table, and, 
for open wire under "wet" conditions. Usually facility 
Insertion loss is measured at some temperature other than 
specified in the attenuation tables and for drjr weather. 
Therefore in order to be able to estimate a reasonable 
value for attenuation under measurement conditions, some 
correction factors will have to be applied to the published 
data. 

7.04 Table II herein gives factors which may be used to correct 
data on "wet" attenuation to "dry." Although the values 
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applying to open wire in Table II (and Table IV, below) assume 
8 inch spaced facilities, they may be applied to 12 inch 
spaced facilities with small error. 

7 « 05 Table III herein gives factors which may be used to correct 

approximately for temperatures which are different from those 
stated in the attenuation tables. From this table, a 
11 temperature correction factor" may be obtained using the 
following formula. 


T 


F. 



Temperature correction factor, 
from REA-TE & CM-4o6. 

Temperature recorded during measurements in degrees 
Farenheit. 

Approximate number of degrees Farenheit change in 
temperature for 1$ change in attenuation. From 
Table III. 


To obtain the estimated attenuation of the facility being 
measured, multiply the attenuation shown in the table in 
REA-TE & CM-406 by Frp and the length of the facility in miles. 

7«06 Reflection Losses are the result of impedance mismatches 

created by the joining of dissimilar facilities. In effect 
they place impedance irregularities in an otherwise smooth 
line so that current traveling down in the line is reflected 
back towards the sending end and therefore constitutes a loss 
in the useful amount of energy that can be delivered to a 
load. It is of course different for different frequencies 
since the impedance of these facilities is a function of 
frequency. These losses, in the case of such diverse 
facilities as cable and open wire tend to increase as the 
frequency is increased. 

It is possible, however, in some instances for the magnitude 
and phase of these impedances to combine in such a manner as 
to produce a reflection gain. Reflection losses up to 
400 kc/s are included herein as Table IV, and given for 
several frequency ranges, where the reflection losses between 
some facilities change significantly. For more accurate 
results (not warranted in the usual case of checking the 
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results of measurements) Interpolation may be employed. For 
example, if the reflection loss between 22 gauge cable and 600 
ohms Is desired at 65 kc/s the average of the reflection losses 
shown In Table IV, at 30 and 100 kc/s may be taken as (1.9 + 

2.5)/2 = 2.2 db. 

7 • 07 Interaction Losses . Interaction losses are a further extension 
of reflection losses. They represent the sum total of all 
possible reflections traveling back and forth in the line as 
a result of impedance mismatches between the generator, facilities 
and load as modified by the attenuation of the line. The 
relation which describes interaction losses is a highly 
complicated one and unlike the reflection loss is not readily 
adaptable to calculation. Based on a Uni ted number of 
calculations on some facilities used by REA borrowers, the 
interaction loss can apparently cause the measured insertion 
loss to be different from the sum of attenuation plus reflections 
by as much as one db for each facility in the line. This is 
true where the line insertion loss is less than 10 db. For 
line losses greater than about 10 db, interaction may safely 
be ignored in insertion loss measurements. 

7 ' 08 Absorption Peaks will occur in all transposed open wire pairs 
at some frequencies and when they do will always cause a 
transmission loss. Though the physical phenomenon of the 
absorption peaks is not very well understood it, manifests itself 
as follows in an open wire line; Undeslred coupling from one 
pair to other pairs (not necessarily the adjacent pair) results 
in energy loss at some particular high frequencies making the 
line attenuation in excess of its normal loss and in a very 
uneven mann er so that the attenuation-frequency characteristics 
resemble a set of peaks and valleys . The severity of these 
absorption peaks and also their shape depends to a great extent 
to the transposition pattern used and the geometry of the open 
wire line. Absorption peaks can be severe and where insertion 
loss at carrier frequencies shows a loss not accounted for. by 
attenuation, reflection and interaction, absorption peaks may 
be suspected. Appropriate sections of REA-TE & CM give the 
approximate frequency ranges where absorption peaks may occur 
for a particular transposition system. Example 20 illustrates 
in detail an insertion loss measurement. 

7.09 Therefore, provided that absorption peaks in open wire lines 

are not present the insertion loss formula can be approximated: 
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7.091 Example 7* Correction of Attenuation Data for Dryness 


An Insertion loss of 4.6 db is measured at 1 kc/s 
for 10 miles of .109 M grade 135 steel. The weather 
was dry with an outside temperature of 70°F. How 
does this compare with the insertion loss 
formula above? 

Solution 1. Wet attenuation at 68°F. =0.31 db/mi 
REA-TE & CM-406 

2. Hryness Correction = 0.31 X 0-94 = 

0.291 db/mi Table II 

3* Temperature Correction: Not necessary 

since wire was measured near 68°F. 

4. Total Corrected attenuation = 0.291 
db/mi X 10 mi. = 2.91 db 

5. Reflection losses Table IV 

600 ohm oscillator to .109" “135 steel = 0.6 db 
.109" -135 steel to 600 ohm trans- 
mission measuring set = 0,6 db 

6. Absorption peaks = 0.0 db 


Total insertion loss 


Therefore the error due to interaction is: 
4.6 - 4.1 = 0.5 db ANS. 



7.092 Example 6. Correction of At tenuatio n Data for Dryness 
and Temperature 

An insertion loss of 18.5 db is measured at 80 kc/s 
for one mile 22 gauge plastic insulated (.085 mfd/mi.) 
cable and 15 miles of . 080-30# C-S wire, R-l transposed 
dry weather and 25°F. How does this compare with the 
general insertion loss formula? 

Solution 1. Attenuation per mile REA-TE & CM 406 

22 gauge cable = 7*1 db 
.080" -30# C-S wire = 0.47 db 

2. Eryness correction 
22 gauge cable = none 
. 080"- 30$ C-S wire = 0.93 


Table II 




REA-TE & CM-407 


3- Temperature Correction Table TIT 

22 gauge cable 

p = l - T A - Tr = i_ 55-25 = 0,97 

T Ima- iqck 15 

.080" -30# c-s 

Fm = 1 - = 0.914 

100x5 

4. Corrected Attenuation 

22 gauge cable = 7-1 db/mi X 0-97 X 1 ml. = 6.88 db 
.080" -30$ C-S wire = 0.47 db/mi X .93 X 0.914 X 15 mi- 

= 5.99 db 

5* Reflection Losses Table IV 

600 ohm oscillator to 22 gauge cable = 2.5 db 
.080" -30# C-S and .109"-135 steel = 2.7 db 
.080" -30$ C-S wire and 600 ohm 

transmission measuring set = 0 db 

6. Total insertion loss 18. 1 db 

The difference of 0.4 db from that of the measured 
insertion loss may be assumed to be interaction. MS. 


8. WHEN SHOULD REPEAT COILS BE USED IN INSERTION LOSS MEASUREMENTS’? 

8.01 Repeat coils are usually employed for the following purposes 

1. To measure a balanced circuit with unbalanced test 
equipment without disturbing the a.c. characteristics 
of the balanced circuit. 

2. To isolate direct currents in one or both circuits 
between which the repeat coil connects without 
disturbing the a.c. flow. 

3. To match Impedances between circuits. 

8 . 02 Balanced to Unbalanced 

8.021 Repeat coils are required for making insertion 
loss measurements on: 

1. Any outside plant facilities with the 
exception of coaxial cable . 
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2. Any central office equipment which connects to 
outside plant conductors in normal operation and 
is not already equipped with repeat coils at the 
terminals at which measurements are made. This 
may include line circuits, long line adapters, 
revertive call switches, trunk and connector 
circuits . 

3. The "carrier line," "C.O. line," or "subscriber 
line" terminals of carrier equipment. 

4. Carrier line filters not already equipped with 
repeat coils. 

5. Any attenuation pad. 

8.03 Isolation of Direct Currents 

8.031 Where it becomes necessary to measure a circuit which 
requires a superimposed d.c. a repeat coil should be 
used to permit d.c. in the measured circuit and isolate 
d.c. from the oscillator or voltmeter equipment. This 
is mainly to protect the oscillator equipment, as some 
of the better ones have 600 ohm pads through which the 
output level is set and which may easily be damaged on 
application of d.c. Most a.c. voltmeters do have d.c. 
blocking however at their input terminals. 

8.04 Impedance Matching 

8.04l For the purpose of the measurements described herein 

only one to one ratio repeat coils are considered; where 
as other ratios can be used for the purpose of matching 
impedances, such procedures are beyond the scone of this 
section, 

8.05 The insertion loss of the repeat coil should not exceed 0.5 db 
(connected one to one ratio) within its rated frequency range 
with or without superimposed d.c. flowing through it. An 
example of such a coll in the frequency range of 20-10,000 cps 
is the W. E. Co. 120H Repeating Coil. In the 1 to 400 kc/s 
frequency range a Lynch Carrier Systems, Inc., 2624 Repeat Coil 
is suitable if the latter is not used to isolate d.c. 

9. EFFECT OF PRESENCE OF INDUCED VOLTAGES (NOISE AND CROSSTALK) ON 
INSERTION LOSS MEASUREMENTS, 

9.01 The a.c.-vtvm’s so far described herein are flat. That is, 
they will give equal weight to voltages of frequencies over 
practically the entire range of telephone wire line transmission 
among REA borrowers. High frequency interference may also 
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be present. Any voltage in this range which is induced into 
the facility being measured may cause the a.c.-vtvm to read more 
than the power received from the oscillator. Thus a false 
"receive power" reading and will result as far as the measurement 
of insertion loss is concerned. 

9.02 As a practical matter, open wire will most often have a level of 
metallic 60 cycle voltage which will interfere with insertion loss 
measurements if not discriminated against by the transmission m 
measuring set (defined below). This is less true for circuits 
entirely in cable. 

9.03 Correction to Be Applied To Voltmeters When Noise is Present on 
The Facility . 

If the a.c.-vtvm reading of noise is of a level comparable to the 
combined noise and received signal, a correction may be applied 
to this combined signal and noise to obtain the received signal 
power level alone. Step-by-step procedure is as follows: 

1. Oscillator-on at sending end. Read the combined signal 
and noise at receiving end. 

2. Oscillator-off at sending end. Read the noise only at the 
receiving end. 

3. If the reading in (l) is at least 15 db greater than that in 
(2) the noise reading can be safely ignored and the true power 
then at the receiving end is the reading obtained in (l). 

4. If the reading In (l) Is less than one db greater than, the 
reading in (2) then the reading in (l) cannot reliably be 
taken with an a.c.-vtvm of the type so far described. A 
selective type a.c.-vtvm (described below) should be used. 

5. If the difference In the readings in (l) and (2) is 
between one and fourteen db, reference to Table V will 
provide correction factors to be subtracted from the 
reading in (l) to obtain the true received signal level. 

9.04 Selective Type Voltmeters . Voice Frequency Measurements 

9.041 One way of reducing the magnitude of sixty cycle induced 
components in a meter reading is to place a weighting 
network in front of the a.c.-vtvm, which will reject 
sixty cycles but permit sudio frequencies to reach the 
amplifier and therefore deflect the indicating meter in 
the instrument. 

9.042 Devices originally designed for noise measurements are 
suitable as selective voltmeters. The W. E. Co. 2B or 
the Daven Co. 34 b Noise Measuring Sets are examples of 
instruments which when properly connected and calibrated 
are suitable for insertion loss work at levels as low as 
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-60 dbm (balanced, or unbalanced) from about 180 to 3000 
cycles, with modifications extending their operation to 
15 kc/s. These instruments are insensitive to 60 cycles 
as well as carrier frequencies over the frequency range 
of 15 kc/s. 

9* 043 If there are interfering signals in the range of the 
instrument the step-by-step instructions of par. 9*03 
should be followed. If the condition of step (4) in 
par. 9-03 obtains a value of less than one db for the 
combined value of measured and interfering signal than 
the reading of the interfering signal alone, the output 
level of the oscillator may be raised so as to affect a 
better signal to noise ratio and so that the correction 
factors of Table V can be applied. 

9-044 For best results, however, a passive vacuum tube or 

transistorized variable tuned frequency network should 
be connected ahead of either of the a.c.-vtvm's described 
above. Examples of such passive networks are the W. E. 

Co. 10A Noise Analyzer Attachment Filter, and may be 
advantageously used for these type of measurements. The 
first is of the continuously variable type whenever the 
latter comes in step frequencies. 

•5 Selective Type Voltmeters . Carrier Frequency Measurements . 

9.051 Interference from wire line carrier, powerful radio 
stations, and other sources of voltages of high enough 
level to interfere with carrier frequency measurements 
may occur at any frequency in either open wire or cable. 
Highly selective carrier frequency voltmeters are available" 
and can be used advantageously for the elimination of the 
undesired signals and measurement of the desired levels. 

A matching transformer is usually required at the input of 
these selective voltmeters and in all cases a 600 ohm 
carbon resistor for measurement of signal levels in dbm. 

Two such voltmeters which are suitable for carrier frequency 
insertion loss work are the Sierra Electronics Corp. Models 
108A and 121 and Rycom Model 2174 Carrier Frequency Volt- 
meters . 

9.052 It is possible however that an interfering frequency might 
be present at the desired frequency under measurement. 

In this case the expedient of shifting the oscillator 
frequency somewhat will put the interfering frequency into 
the rejection band of the yoltmeter tuned circuit and 
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measurement vill "be possible. Also It might be possible 
to raise the oscillator output level well above that of 
the interfering signal, so 'that application of the 
correction factors of par. 9*03 can be used. The maximum 
recommended level, however, in the latter case at the 
input terminals of any electronic equipment under measure- 
ment should not be exceeded. Excessive distortion or 
outright failure of the equipment itself might otherwise 
result. These types of voltmeters require calibration 
before used for measurements . 

10. SELECTION AND CALIBRATION OF OSCILLATOR AND TRANSMISSION MEASURING 

SET EQUIPMENT, 

10.01 For the purposes of this section "Oscillator Equipment" is 

defined as one of the following: 

1. An oscillator meeting the requirements of par. 5-05 with 
no external modifications and used for measuring equipment 
with one terminal grounded as per Fig. 8A or for balanced 
measurements. In the latter case the oscillator must he 
used with a repeat coil as per Fig. 8B. 

2. An oscillator having an internal resistance between 509 
to 569 or between 631 to 698 ohms and treated with an 
external pad for measuring equipment with one terminal 
grounded as per Fig. 9A or for balanced measurements. 

In the latter case the oscillator must be used with a 
repeat coil as per Fig. 9B. 

3. An oscillator having an internal resistance less than 
570 or more than 530 ohms and externally treated with 

a 600 ohm resistor and a.c.-vtvm for measuring equipment 
with one terminal grounded as per Fig. 10A or for 
balanced measurements. In the latter case the oscillator 
must he used with a repeat coil as per Fig. 10B. 

10.02 A "Transmission Measuring Set" usually abbreviated as 

TMS is arbitrarily defined as either: 

1. An a.c.-vtvm and 600 ohm resistor (+ 2$) for measurements 
on unbalanced equipment as per Figs . 8A, 9A or 10A or 

an a.c.-vtvm and a 600 ohm resistor with a repeat coil 
for balanced measurements as per Figs. 8 b, 9B and 10B. 

2. A frequency selective voltmeter as described in par. 9» ; 

10.03 Thus the considerations for choosing oscillator equipment 

and a transmission measuring set may be summarized in Table 

A. j 
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TABLE A 


Equipment or 
Facilities to 
be measured 

Range of oscillator 
internal resistance 

Figure applicable 
for calibration of 
test equipment 

Unbalanced 

balanced 

Between 570 and 630 Ohms 

8A 

8b 

Unbalanced 

balanced 

509 to 569 or 631 to 598 

ohms 

9A 

9B 

Unbalanced 

balanced 

Less than 570 or more than 
63 O Ohms 

10A 

10B 


10.04 Calibration of Measuring Equipment 

Any of the test setups ih Figures 8, 9 or 10 may be used to 
calibrate the output level of the oscillator equipment prior 
to making measurements. The general step by step instructions 
for the above Figures are shown in paragraphs 10.041, 10.042 
and 10.043. Illustrative examples then follow in paragraphs 
10.044 to 10.048. 
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10.041 


Calibrat ion of Oscillator Output L evel for Oscillator Internal 
Resistance Between 570 to fl^cTohins — 


Oscillator equipment 
I 1 



Transmission Measuring Set Equipment 

'*'**** 1 1 ‘ — , t *t O 

i I desired 

p . level in 

600 ^ a . c . Me dbm 



Oscillator 


Oscillator Equipment 


UNBALANCED tlEASUREMENTS (1N0 REPEAT COILS) 
Transmission Measuring Set Equipment 


| | R g 



i r 


nn 



It .7 : 


Oscillator Repeat Coils 

B. FOR BALANCED MEASUREMENTS (REPEAT COILS USED) 


Procedure: 


1. Set oscillator to desired frequency. 

2. Vary oscillator output level control for a.c.-vtvra (Selective 
or non.-selective) to register desired reference level in dbm 
or volts across the 600 ohm resistor. (0.775 volts across 
this 600 ohm resistor if 0 dbm reference level is desired.) 

3- Do not change the oscillator output level control. 

4. The oscillator equipment is now calibrated to measure 
insertion loss in db between a 600 ohm source and load. 

5. Repeat steps 1 to 3 above for each frequency under 
measurement . 

FIGURE 8 

Note: Terminal Numbers of repeating coils shown are W. E. Co. 120H. 
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10.042 


Calibration of Oscillator Output Level for Oscillator Internal 
Resistance Between 509 "to' ' 6 31 to Ohms 


Oscillator Equipment 


| Transmission Measuring Set 



i 

Oscillator 


— — -VVNAA t ~° 

168 168 ! 

Ohms < Ohms I 


5 db, 600 Ohm pad 


A. IMBALANCED MEASUREMENTS (NO REPEAT COILS) 


Oscillator Equipment 


| Transmission Measuring Set 



f-V\AAA 


— nAAAA — h 

168 . I 

Ohms i 

990 . 

Ohms 


try 

r ■ f a 


‘ j f 3 

tin 


L '1 5 db, 600 Ohm 1 - J 1 

Oscillator ’ pa d. Repeat coils 

B. BALANCED MEASUREMENTS (REPEAT COILS USED) 


Procedure : 


1. Set oscillator to desired frequency. 

2-. Vary oscillator output level control for a.c.-vtvm (Selective 
or non-selective). to register desired reference level in dbm 
or in volts across the 600 ohms resistor. ( 0.775 volts across 
this 600 ohm resistor if 0 dbm reference level is desired). 

3 . Do not change the oscillator output level control. 

- 4. The oscillator equipment is now calibrated to measure 

insertion loss in db between a 600 ohm source and load. 


5 . Repeat steps 1 to 3 above for each frequency under 
measurement , 

Note: Terminal Numbers of repeating coils shown are W. E. Co. 120H. 


FIGURE 9 
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10.043 

Calibration of Oscillator Output Level for Oscillator Internal 
Resistance Less Than 570 or Greater Than 630 Ohms 


Oscillator Equipment 
1 - 


' 


1 

1 X 

i 

I l — — o- 

Oscillator 


Transmission Measuring Set 
nAW [ *— ■ 




bOO Ohms] 

1 

J 

a. c. 

+ 2$ 

600 ? 

a.c. 

vtvmi 


! Ohms % 

vtvm^ 

_ . J 


1 + 2 # 


-y -- --- ’ — o —I 

A. UNBALANCED MEASUREMENTS (NO REPEAT COILS) 


Transmission Measuring Set 

L 



a. c. 
vtvm~ 


— 

i 1 

Oscillator 


..... X- ^ 

Repeat coils 

,B» BALAjjCgP MEASUR EMENTS ( REPEAT COILS USED) 


Procedure ; 

Per Fig. A 1. Bet oscillator to desired frequency for A or B. 

2 . Vary oscillator output level control for 1.55 volts on 
a. c, -vtvmq. 


3* Mai ntain this level at 1.55V on vtvmi during measurements 
by varying oscillator output level control . " 

4. Oscillator equipment is nov calibrated for 0 dbm. 

Per Fig. B 5. Vary oscillator output control to obtain 0.775 volts on 
a,c.-vtvm2 but record voltage on a. c. -vtvmi, 

6. Maintain this same level on a.c.-vtvmT for all 

measurements that fo llow by varying the oscillator 
output level control . 7 

7. The oscillator equipment is nov calibrated for a level 
of 0 dbm. 

Note; Terminal Numbers of repeating coils shown are W. E. Co. 

120H. 

FIGURE 10 
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10.044 

Example 9 Calibrate an oscillator having 595 ohms internal 
resistance for an output level of 0 dbm prior to 
making an insertion loss measurement on a 600 ohm 
"T" pad at 200 kc/s. 


Solution: 

10.045 
Example 10 


Since the internal resistance of the oscillator is 595 
ohms Figure 8A is applicable. Steps 1 to 3 of Example 10 
below (completely describe this calibration. ANS. 

Calibrate an oscillator having an internal resistance 
of 595 ohms for an output level of 0 dbm prior to 
making an insertion loss measurement on a length of 
.080 m - 30$ C-S facility at 200 kc/s. What is the insertion 
loss of the repeat colls used for this measurement? 


Solution: 



Oscillator 


FIGURE 11 -A 



a, c, -vtvra 


1. Set oscillator frequency to 200 kc/s. 

2. Vary oscillator output level control for 
0*775 volts on a.c.-vtvm, 

3* Do not change oscillator output level. 

4. Insert repeating coils as shown in Figure 11B 
below. 



Repeat Coils 




2 ^ 
1 p-/ 


6 

sj> 


v -q 


,4 a 


FIGURE 11 -B 


600 

Ohms 



zn 

0.704V 

J a.c.-vtvm 


5. Read the new reading on the a.c.-vtvra. Bay it 
is 0.704V which from Table I yields -0.8 dbm. 

6. This means then that each repeat coil has a 
loss of 0,4 db which is within limits. ANS , 

7. Raise the oscillator output J.evel control for 0 
dbm on the a. c.-vtvnu The oscillator equipment is 
now calibrated for proceeding with the insertion 
loss measurements , ANS. 
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10.046 
Example 11 


Calibrate an oscillator having an internal resistance 
of 691 ohms for an output level of 0 dbm prior to 
measuring at 1 kc/s a length of H-88 loaded facility. 

What is the insertion loss of the repeat coil used for 
the measurements? 


Solution 
I 


- AAAA- 
691 1 


Ohms 


1 Ohms 


_Ay\/VV- 

168 

Ohms 


-K 


L 


Oscillator 


1 

O - t 7 

- 

1. 

2. 

3. 

k. 


>990 
" Ohms 


600 

Ohms 


0.775V . a.c.-vtvm 


-'VW” 


FIGURE 12 -A 

Set oscillator frequency to 1 kc/s. 

Vary oscillator output level control for 0.775 V on 
a. c. -vtvm. 

Do not change oscillator output level. 

Insert repeating coils (2-W.E. Co. 120H) as shown 
in Figure below. 


a . c . -vtvm 


|?95 ; 

168 

Ohms 

j 168 ^ 

\ Ohms O 

t ~ 

1 ^ 

1 - 

r 

V*o ? 

L— 1 

^sOhms 
$ : 

< 990 [ 

f Ohms 6 J) 

Ue 

ij^- Repeat 
\\C 7 Coils 

X 

1 600 t 

, Ohms > j 

c ■ 1 

0.711V 

l 

I 

\ f 

i o ^ 


w 

5 

5 ■< 

— 0- 

Cl U- 

i 


— * v* 

Oscillator 


FIGURE 12-B 


5- Read the new reading on the a.c.-vtvm; say it is 
0.7UV. From Table I this is -0.7 dbm. 

6. Since this is 0.7 db below zero we can assume 
each coil has a loss of 0.35 db and they are 
suited for the intended measurement. ANS. 

7. Raise the oscillator output level control to 

Indicate 0 dbm on the a.c.-vtvm. The oscillator 
equipment is now calibrated for the intended 
measurement. ANS. 
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10.047 

Example 12 Calibrate an oscillator having 751 ohms internal 
resistance for an output level of 0 dbm prior to 
measuring an unbalanced network at 1 kc/s. 
Solution: j 1 


Maintain 

Constant 


£T : 

yvv' 

600 1 | 

^Ohms I 

Ohms c i 


^ 600 | °' 775V 

a. c . -vtvm-i Ohms 

U rc i 


a. c. ~vtvmr> 


^ ^ FIGURE 13 

Oscillator 

1. Set oscillator frequency to 1 kc/s. 

2 . Vary oscillator output level control for 0.775 

volts on a.c.-vtvm2« A.C, -VTVMi now reads 1.55 volts. 

3. Maintain this level of 1.55 volts on a.c.-vtvmi 
constant for all measurements to follow by turning 
up the oscillator output level control. 

4. The oscillator equipment is now calibrated for 

the intended measurement. ANS. 


10.047 
Example 13 


Calibrate the above oscillator for -10 dbm at 1 kc/s. 


— nAAAA- 


Maintain i 
Constant 1 


1 

uw ■ 

Ohms S ; 

i 

! 0.490V 

6oo < i 

0.245V 

i- 1 

Ohms ? L 

■ — , 1 


i a*, c . ~vtvm n 


FIGURE 14 


Oscillator 


Set oscillator frequency to 1 kc/s. 

From Table 1,-10 dbm represents a voltage 
of 0,245 volts across 600 ohms. 

Vary oscillator output level control to 
indicate 0.245V on a.c.-vtvmp. A.C,-VTVM 0 
now reads 0.490 volts. . ^ 

Maintain is voltage of 0.490 volts on a.c.-vtym! 
for all measurements to follow by turning up 
the oscillator output level control. 

The oscillator equipment is now calibrated for 
the intended measurement. Ajyg 
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10.048 
Example l4 


Solution: 



t i 

Oscillator 


Calibrate an oscillator having an internal resistance 
of 750 ohms for an output level of 0 dbm prior to 
measuring the insertion loss of 20 miles of .O8o lf -3Q$ 
C-S line at 100 kc/s. Also determine that the 
insertion loss of the repeat coils is not excessive. 

Since the oscillator internal resistance is greater 
than 63O ohms and the facilities to be measured 
balanced Figure 10~B is used. Two Lynch 2624 repeat 
coils are used. 




1.55V 


Ohms 


i.7iv i •• 

n — "* x )\ 

vtvmi 2) 


P 

1 


r 

r 

CJL. 


C 




6 °° ? 

6 Ohms > 




0.701V 

0.775V 

in 


v FIGURE 15 

1- Set oscillator frequency to 100 kc/s 


2. Vary the oscillator output level control for 
1.55 volts on a. c. -vtvmi. 


a.c.-vtvm^ 


3. Read a.c.-vtvm^ If it reads less than O.69O, volts 
(-1.0 dbm) the repeat coil loss may be assumed to 
be over 0.5 db each. Say that 0.701 volts is read. 
This corresponds to about -0.9 dbm on Table I so 
that the insertion loss of each repeat coil is 
-roughly about 0,45 db. This is within limits. AMS . 

4. Raise the oscillator output level control until 
a.c.-vtvm^ reads 0,775 volts and record the value 
of a, c. -vtvmi. Say it reads I.71 volts. 


5. Maintain this value of voltage of 1.71 volts on 
a. c. -vtvmi for all measurements to follow by 
varying the oscillator output level control. 

6. The oscillator equipment is now calibrated for 
its intended measurement. ANS. 
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10.05 Calibration for a Frequency Run Where Terminals of 

Network to 'be Measured are Accessible or Remote From 
Each Other . 

10.051 "Frequency run" indicates a series of insertion loss 
measurements in the frequency range of interest using 
the same "oscillator equipment" and output level. 

10.052 Where the input and output terminals of the facility 
or network to be measured are accessible at one 
location, one transmission measuring set will 
suffice by both calibration and measurement, and 
depending on the oscillator resistance one of the 
procedures in Figures 8 , 9 and 10 will be 
appropriate for calibration. 

10.053 Where the input and output terminals of the facility 
or network to be measured are remotely located from 
each other, two transmission measuring sets will be 
required for a frequency run; one at each terminal. 
This again will be performed as per one of the 
procedures in Figures 8 , 9 or 10. 

11. INSERTION LOSS TEST SETUPS 

11.01 We may now summarize, before proceeding with the procedure 
for actual insertion loss measurements, the factors so far 
involved in the choice of test equipment and the procedures 
used for calibration. 

1. Desirable characteristics were given for oscillators 
and a., c.-vtvm measuring equipment which would meet 
the features shown paragraphs 5. 05 and 4 . 023 . 

2. Due emphasis was placed on the oscillator equipment 
having an internal resistance of 570 to 630 ohms 
over the desired frequency range. This Is a most 
desirable feature and greatly simplifies calibration 
and measurement. Measurement of oscillator internal 
resistance was shown in Figure 1 and Example 3 . 

3. Procedures were given for externally treating 
oscillators having internal resistances outside the 
desirable 570 to 630 ohms range in Figures 3 and 4 
and also illustrative Examples 4 to 6. 

4. Calibration procedures were then given in detail 
for all measuring equipment and accessories prior 
to making the actual insertion loss measurements 
in Figures 8 to 10 and also illustrative Examples 
9 to 14. 
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11 . 02 General Procedure 

11.021 All Insertion loss measurements follow the same 
fundamental procedure once the measuring equipment 
has been calibrated. That is the network or 
facility is inserted between the oscillator and 
a.c.-vtvm equipment properly terminated, and the 
value of the resulting signal is recorded. The 
difference between the calibration and measured 
levels is the desired insertion loss. The 
receiving equipment may also be, and it usually 
is, calibrated in dbm in addition to volts. In 
this case the calibration level is in dbm, a 
direct reading in db for the insertion loss is 
obtained. This procedure is shown in Figure 16 . 
Though the sending level can be quite arbitrary 
care is taken not to overload any electronic 
equipment also measured; the manufacturers 
recommendations will therefore be followed. For 
most measurements a level of 0 dbm seems to be 
suitable. 

11.022 The range of facilities and equipment to be 
measured for insertion loss is varied. They may 
be four or two terminal devices unbalanced or 
balanced, active or passive. Non-loaded and 
loaded cable facilities, aerial or buried wire, 
or combinations thereof, trunk equipment filters 
of any description, repeat colls, attenuation pads 
and even a simple series or shunt resistor. 

Abnormal line loss conditions such as those caused 
by absorption peaks can also be investigated. 
Calibration procedures for any of the above cases 
are fully covered in Figures 8, 9 or 10. 

11*023 Insertion loss measurements therefore constitute 

a powerful tool through which the proper operation 
of an existing system or any of its components or 
the suitability of a contemplated application 
can readily be verified. Yn addition it provides 
a means for proper maintenance, once such equipments 
have been Installed and are operating . 

11.03 Initial and Periodic Check of Measuring Equipment . 

1. Be assured voltmeter or voltmeters are sensitive and 
accurate enough for the frequencies to be measured and 
frequency selective if applicable. 

2. Be assured of the proper oscillator waveform, frequency 
calibration and range and output voltage. 

3. Measure the internal oscillator resistance over its 
full frequency range. 
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11.04 

Step-by-Step Insertion Loss Measurement Procedure . 

1. Measure oscillator Internal resistance for each frequency 
of measurement. (Figure 1 and Example 3 ) 

2. Correct, by external treatment, the oscillator internal 
resistance if it falls outside of the 570 to 630 ohm 
range. (Figures 3 and 4 and Examples 4 to 6 ) 

3 . Decide on proper oscillator equipment and transmission 
measuring set. Par. 10 and Table A 

4. Decide on oscillator output level desired for reference. 
Zero dbm is customarily used for outside plant facilities. 

5. Calibrate oscillator output level. (Figures 8 to 10 and 
Examples 9 to 14) 

6. Disconnect the oscillator equipment from the transmission 
measuring set. 

7. Connect equipment or facilities to be measured between 
oscillator equipment and transmission measuring set. 

8. Do not change oscillator output level when unknown 
is connectedT EXCEPTION ; If Figure 10 is used 
then restore a.c.-vtvmp level to its proper value. 

9. Read the level at the receiving end a.c.-vtvm or 
transmission measuring set. 

10. Convert this reading in ( 9 ) to dbm, (Table i) if its 
meter does not do so directly. 

11. The difference in the dbm levels in (5) and (10) 
is the insertion loss or gain in db. 

12. If the dbm value obtained in (10) is less than that 
in (5) the measurement represents an insertion loss ; 
if greater it indicates an insertion gain . 


t 
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Example 1 $ . Measure the insertion loss at 1 kc/s of a 300 

~ ~ ohm resistive shunt, using an oscillator having 

an internal resistance of 595 ohms. 

Solution: No repeating coil is needed for this measurement 

because the resistor can be grounded without 
disturbing proper operation. 



Oscillator 


600 

Ohms 


CALIBRATION 


r ":;i 

0 . 775 V 
0 dbm 


a. c. -vtvm 


1 . Set oscillator frequency to 1 kc/s. 

2 . Calibrate as per Figure 8A. Zero dbm reference 
level is suitable. 


3 - Do not change oscillator level control. Insert 
the 300 ohm resistor as shown below. 



Oscillator 



300 600 

Ohms Ohms 



-ZZL- 

0.338V 

-6 dbm 


”T 


a. c. -vtvm 


or 

TMS 


Resistor Under Test 


B. MEASUREMENT 


k. The a. c. -vtvm reads O.338 volts across 600 
ohms. This is -6 dbm from Table I, or the 
meter directly. 

5. Therefore the insertion loss due to the 
bridging of the 300 ohm resistor between 
600 ohms is 0 - 6 = 6 db loss. 'MS. 


- 36 - 
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Example 1 6 . A subscriber carrier voice pass filter is suspected 
' of having a shorted turn. The normal 6 00 ohm insertion 

loss according to the manufacturers literature is 0.3 db 
at 1 kc/s and 40 db at 50 kc/s. The available oscillator 
has an internal resistance of 580 ohms for this frequency 
range. How should the insertion loss of the filter be 
checked? 

Solution: Figure 9B is used due to the oscillator internal resistance 

and the normally balanced operation of the filter. 



Oscillator 



W. E. 

or Lynch 2624 


W. E. Co. 120H 
or Lynch 2624 



CALIBRATION 


1. Set oscillator frequency to 1 kc/s. Calibrate as 
per Figure 9B. Zero dbm level is suitable* 

2. Do not change oscillator level control. 

3 . Insert voice pass filter to be measured as shewn 
below. 


1 

-*-r 


i 


j 1 


c 


Oscillator 


fh 

U i \f* 


W. E* Co. 120H 
or Lynch 2624 


Carrier 
Line 
Side 

Filter 
Under 
0 Test 


Voice 

Side 


T 3 

! r 1 ‘ 


>** 


600 

Ohms 


0.749V 

or - 0.3 
dbm 


°-+- 


B. MEASUREMENTS 


W. E. Co. 
120H or 
Lynch 2624 




j 

a. c. - 
vt-vm 
or IMS 


4. 

5. 

6 . 

7. 

8 . 


Reading of a.c.-vtvm is 0.749V or —0.3 dbm. 
Therefore the 1 kc/s insertion loss of the filter 
is 0.3 db and seems to be normal. AMS . 

For 50 kc/s measurement repeat above procedure. 
(Change the repeat coils to Lynch 2624) 

Say the a.c.-vtvm 0.243 volts which is -10.1 dbm. 
Therefore the 50 kc/s insertion loss of the filter 
is 0-10.1 = 10.1 db which is much lower than the 
manufacturers stated figure of 40 db. Therefore 
the voice pass filter is assumed to be defective. 

MS. 


- 37 - 
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Example 17 . 


Solution: 


Measure the insertion loss at 1 kc/s of a central 
office connector circuit. The available oscillator 
has an internal resistance of 590 ohms at this frequency. 

Value of oscillator resistance and normally balanced 
operation of connector dictates the use of Figure 8B 
Only one-a, c. -vtvm is absolutely necessary since both 
terminals are accessible in the same C.O, 


‘ i 


590 I 
Ohms ! 


2 Ji 

V 

5 y 




1 


Oscillator 


W..E. Co. 120H 


A. 


W. E. Co. 
CALIBRATION 



a. c. -vtvm 


1. 

2. 

3« 


This 


Set oscillator frequency to 1 kc/s. Calibrate 0 
dbm reference level as per steps of Figure 8 b 
D o not change oscillator output level controls. 

Insert connector to be measured as shown below, 
is accomplished as follows: Connect a telephone set 
to each of two spare lines in the connector group to be 
tested at the equipment side of the MDF, Busy-out the 
rest of the connectors except the one under measurement, 
Dial a call in the normal manner so that a connection 
between these two phones is no\v established through 



4. After the connection has been established and without 
disconnecting the telephone sets connect the 
oscillator and measuring equipment of A. Now, 
disconnect the telephone sets. 


“TO 


A 

o 


>590 

Ohms 





- T 

rp 


p 

i° 1 

\ 

1 0 

2 '-4 : 

jiv 

\ 

Connector Under 


! A * 
v 

\ 

i 

Test 

‘bj 

1 

-4-. R 

R oJ 

s T } 1 


Ic 


] Ohms 
.<*$ 

5 


1 


|o.701V 

or -0. 9 i 


Oscillator W. E. Co. 120H 


- r 


W. E. Co. 120H 


a , c . -vtvm 


C. MEASUREMENT 


5- Read the vtvm or IMS. It reads 0.701 volts which 
is -0.9 dbm. 

6. Therefore the insertion loss through the connector 
at 1 kc/s is 0.9 db. ANS. 
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Example l8. Measure the insertion loss of 6 miles 22-H-88 high 

capacitance loaded cable at 1 kc/s. Outside temperature 
is 95°F- The available oscillator has an internal 
resistance of 605 ohms at this frequency. Check the 
results of the measurement against the published 
attenuation and reflection losses. 

Solution: Figure 8 b is used for calibration from considerations of 

balanced operation of facilities and oscillator internal 
resistance. A reference level of 0 dbm is suitable. Two 
transmission measuring sets are required because the two 
terminals of the cable are remote from each other. Also 
communication between the two offices must be established 
and maintained. 


Per Figure 17 A 


Per Figure 17B 


Check 


1. Set oscillator frequency to 1 kc/s. 

2. Vary oscillator output level control for 0 dbm 
on a.c.-vtvm or IMS. 

3. Do not change oscillator output level. 

4. Read a.c.-vtvm or TMS. Reading is O .397 
volts or - 5,8 dbm. 

5. Therefore the facility insertion loss is 

5.8 db. ANS. 


Attenuation: 0.792 db/mi 
Temperature correction 


-Frp = 1 - 

r t a- t r 

= 1 - 

68 - 95 


100 D , 


100 x 5 


REA-TE & CM-431 
par. 7*05 


= 1.054 


Corrected attenuation: 

O .792 db/mi x 6 mi. x 1.054 = 5.01 db 


Reflection losses : 

600 ohm oscillator & 22H88 
22H88 and 600 ohm load 
Total facility loss 


= 0.3 db 
= 0.3 db 
5 - 6 db 


Comparison of the measured 5.8 db to the 
estimated 5*6 db provides a good check. 

The difference of 0.2 db can be attributed 
to interaction. ANS. 


4o 




r#i 



FIGURE 17 FOE EXAMPLE 18 







Example 19 . 


Solution: 


Per Figure 18 a 


Per Figure l8B. 


Assume the same 6 miles of 22-H-88 high capacitance 
loaded cable as In Example l8 Is now the outside plant 
portion of a negative impedance voice repeatered trunk. 
The same 605 ohm oscillator equipment is available. 
Measure the repeater gain at 1 kc/s. 

Since the oscillator has an internal resistance between 
570 and 63 O ohms and the facilities normally operate 
in a balanced fashion the method of Figure 8 b is used. 
Two transmission measuring sets are required because 
the two terminals of the cable are remote from each 
other. Communication, also, between the two offices 
must be established and maintained. Calibration 
setup and measurement is shown in Figure 18. 

1. Set oscillator frequency to 1 kc/s. 

2. Vary oscillator output level control to 
indicate 0 dbm reference level on the 
a.c.-vtvm or U»1S. 

3* Do not change the oscillator output level. 

4. The a.c.-vtvm or TMS with the repeater in 
the circuit reads O .563 volts or -2.8 dbm. 

5. The insertion loss of the repeatered trunk 
at 1 kc/s is therefore 2.8 db. 

6. Prom previous Example 18 the insertion loss 
of the loaded cable above was 5-8 db. 

7. Therefore the gain of the repeater is 

5.8 - 2.8 = 3.0 db. ANS. 
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FIGURE 18 FOR EXAMPLE 19 
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Example iO. 


Solution: 


it is desired to measure the suitability of a subscriber 
line for the application of carrier equipment from the 
absorption peak viewpoint in the frequency range of 50 
to 180 kc/s. The line consists of facilities as shown 
in Figure 19 . Temperature is 65°F. and the weather dry. 
Determine such suitability for carrier operation. 

Before locating the carrier frequency voltmeter at the 
open wire dead-end the equipment at the left of the main 
frame in Figure 17 must be checked from 50 to l80 ke/s 
to assure that the repeating coils are satisfactory. 

The method in Example l4 may be used. Also check the 
repeat coil which will eventually be connected to the 
right of the dead-end devices in Figure 19 in the same 
manner. 

It will be necessary to have telephone contact between 
the man at the central office and the man at the open 
wire dead-end. This may be done with two handsets and 
a battery. If another pair is available between the 
two points it should be preferred for communication 
because it provides for continuous contact. If not 
the same pair that is being measured must be used. 
Contact will initially be established before connecting 
the equipment. Then communication must be reestablished 
of pre-arranged intervals. Only in this way can the 
man at the dead-end be sure of what signal is being 
sent from the C.O. To maintain talking contact 
continuously on the same pair being measured, it is 
necessary to equip both ends with a voice pass or 
other suitable filter. The two telephone sets, with 
battery in series at one end, can then be left on 
the voice side of the filters even while the oscillator 
equipment is on the line. Since all known carrier 
frequency voltmeters require only 117 volt a.c. power 
it must be provided at the foot of the dead-end pole. 

A portable generator may not be satisfactory because 
of radiated interference and somewhat poor regulation 
for the purpose. An alternative is to obtain the 
power at the nearest establishment. 

When carrier equipment is being tested for insertion 
loss it should be borne in mind that the circuit 
should be in the off -hook condition in both directions 
of transmission, otherwise systems with inband type 
signaling may produce measurement error. The measuring 
set-up is shown in Figure 19 * 
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1. Use oscillator equipment similar to that in Figure 8 b, since the 
oscillator has internal resistance between 570 and 630 ohms and. 
normally balanced facilities are to be measured. Two transmission 
measuring sets are required. The one at the C.O. need not be 
tuned but that beyond the open wire dead-end most probably vin 
nave to be. Carrier frequency voltmeters have means of seif 
calibration and this should be done by the man of the open wire 
dead-end in accordance with manufacturers instructions . The 
tuned voltmeter usually will then read the receive levels in 
directly in dbm. 

2. Use zero dbm at 50 kc/s as oscillator equipment output level, 

3. Calibration is shown in Figure 8B. 

4. Throw double -pole double -throw switch to the right as per 
Figure 19* 

5. Do not touch oscillator controls. 

6. Say the carrier frequency voltmeter reads -16.9 dbm. Therefore 
the insertion loss at 50 kc/s is 0 - 16.9 = 16.9 db loss. 

7. Repeat the above steps for other frequencies of interest. The 
results are shown tabulated below; 


Frequency 
in kc/s 

Measured Insertion 
Loss in db 

Calculated Attenua- 
tion plus reflec- 
tion lossed 1 

50 

I6.9 

15.4 

60 

17.8 

16.8 

70 

18.3 

17.1 

80 

19-0 

17.2 

90 

19.2 

17.4 

100 

20.9 

17.7 

110 

21.8 

18.0 

120 

23-7 

18.1 

130 

28.0 

18.6 

i4o 

34. 1 

19.0 

150^ 

39*7p 

19.1 

160 2 

48. 6 2 

19.2 

170 2 

59. 1 P 

19.3 

180 2 

51.1 

19.4 


Difference 
in db 


lo" 

. 1,0 

1.2 

1.8 

1.8 

3-23 

3.83 

5.63 

9.43 

15.1? 

20.63 

29.43 

29.83 

31.7 3 


1. Calculated per Method of Example 8. 


2. In the frequency range of 150 to l8o kc/s, insertion loss is 
over 35 db which is about the maximum line loss recommended 

by some carrier manufacturers. 


45 
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3 • In the frequency range 100 to 180 kc/ s the large difference 

"between insertion loss and the sum of attenuation and reflection 
losses is greater than would be expected from interaction. It 
is therefore concluded that these are absorption peaks inherent 
in the transposition system employed in this line. AWS. 

Example 21 . A trunk carrier channel is to be lined up for a 3 
db net loss at 1 kc/s. The manufacturer's recommendation for 
this particular type states that levels above -4 dbm will cause 
compression (distortion) and that a level 3 db below this 
should be used for adjustment of net loss. An oscillator having 
an internal resistance of 6h0 ohms at 1 kc/s is available. 

What is the measurement procedure? 

1. Refer to Figure 20. The oscillator resistance is between 
570 and 530 ohms and the voice terminals of the carrier 
equipment normally connect to balanced circuits so the 
oscillator equipment and the transmission 'measuring set 
pei Figure 8 b should be used. They should be connected 
per Figure 17A for calibration at office A. At office 
"B" another transmission measuring set is required. 

2. To prevent distortion, set oscillator output at 0.346 
volts (-7 dbm) when the double-pole, double-throw switch 
is thrown as in Figure 17 A. 

3* By throwing the double -pole double -throw switch to right 
proceed with measurements per Figure 20. Adjust proper 
carrier equipment control at far-end per carrier manufac- 
turer's recommendations until transmission measuring set 
in office "B" reads 0.245 volts, (*10 dbm). 

4. Do not touch oscillator output level control. 

5- 7 - 10 = 3 db loss. The carrier equipment is now set for 
3 db net loss in the A to B direction. To do the same 
in the B to A direction, the test equipment should be 
interchanged and the procedure repeated. 
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TABLE I 

Relationship of DEM Versus RMS Voltage Across 
600 Ohms 


Page 1 of 6 Pages 
(+30.0 to +10.0 DEM) 
<'2^.5 to 2.45 Volts) 
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TABLE I 

Relationship of DBM Versus RMS Voltage Across 

600 Ohms 

Page 2 of 6 Pages 
(+10.0 to -10.0 DBM) 

( 2.45 to 0.2^5 Volts) 


DBM 

VOLTS 

DBM 

VOLTS 

DEM 

VOLTS 

DBM 

VOLTS 

IBRS 

IIIPH 

RH 


1 

r ----- ■"■-"’1 

0.775 ...... 

mm 

0.436 



/ 4,9 

1.36 

•» 

0.1 

0.766 

- 5.1 

0.431 

/ 9.8 

fcfliBiill 

/ 4.8 

1.35 

- 

0.2 

0.757 

- 5.2 

0.426 

/ 9.7 

2.37 

/ 4.7 

1.33 

*. 

0.3 

0.748 

- 5.3 

0.421 

IQi 

2.34 

/ 4.6 

1*32 

- 

0.4 

0.740 

mnm 

0.416 

KMi 


/ 4.5 

1*30 


Q..5_ . 

0,731 

I- 5.5 

0.411 

WEBM 

2.29 

/ 4.4 

1,29 

m 


0.723 


"07407 

Wm 

2.26 

/ 4.3 

1.27 



0.715 

WEm 

0.402 

Wf£m 

2.23 

/ 4.2 

1.26 



0.706 

WEm 

0.397 

ESSl 

2.21 

/ 4.1 

1.24 

B 


0.698 

WEm 

0.393 

Wm : n*m 

2.18 

/ 4.0 


1 

HM 

0.600 

ESS 

O.388 

/ 8.9 


/ 3.9 

: 1*21 

• 

1.1 

0.683 

- 6.1 

0.3b4 

/ 8.8 

2*13 

f 3.8 

1.20 


1.2 

0.675 

- 6,2 

0.379 

/ 8.7 

2.n 

/ 3.7 

1.19 


1.3 

0.667 

- 6.3 

0.375 

/ 8*6 

2*09 

/ 3.6 

1*17 


1.4 

0.659 

- 6,4 

0.371 

/ 8.5 

2.06 


1.16 


M 

0.652 

- 6.5 

0.367 


2 ?o 4 

aaaea 

rwzmm 


1.6. 

0,644 

- 6*6 

0.362 


2.01 

jin 



1.7 

0.637 

- 6.7 

0.358 


1.99 

Ho 



1.8 

0.630 

*• 6*8 

0.354 


1.97 

rail 



1.9 

0.622 ; 

- 6.9 

0.350 

HENSfl 

. 1*95 

tmfffl 

■Mrs 


2,0 

0.615 

- 7.0 

0.346 

/ 7.9 

1*92 

/ 2.9 

1.08 


2.1 

0.608 

EUl 

0.342 

>7.8 

1.90 

/ 2.8 

1*07 


2.2 

0.601 

m 

0.330 

/ 7.7 

1.88 

/ 2.7 

1.06 


2.3 

0.594 

BQ 

0.334 

/7.S 

1.86 

/ 2.6 

1.04 


2.4 

0.588 

Bu 

0.330 

/ 7-*5 

1.84 

7 2.^ 

1.03 

_ 

2i5 

0.581 

mnsm 

0.327 

/7-4 

1.82 

/ 2.4 

1.02 

- 

2.6 

0.574 

BBBM 

O.323 

/ 7.3 

1.79 

/ 2.3 

1*01 

~ 

2.7 

0.56& 

Bn 

0.319 

/ 7.2 

1.77 

/ 2.2 

0.998 

- 

2.8 

0.561 

BES 

0.316 

/ 7.1 

1.75 

/ 2.1 

0.987 

- 

2.9 

0.555 

Bn 

O.312 

/ 7 .0. 

■VGZHHBi 


liRiiiSMR 

m 

Etm 

0.5.48 


0.300 

/ 6.9 

1*71 

/ 1.9 

' 0.964 

- 

3.1 

0.542 

- 8.1 

O.305 

t 8.8 

1.69 

/1.8 

0.953 

- 

3.2 

0.536 

- 8.2 

0.301 

/ 6.7 

1.68 

7 1.7 

0.942 

- 

3.3 

0.530 

- 8.3 

0.298 

/ 6.6 

1.66 

/ 1.6 

O.931 

- 

3.4 

0.524 

- 8.4 

0.295 

/ 6. <5 

1.64 

/ 1*5.. 

iO.921 

i* 

_Ai5_ 

.0,518 

- 8.5 

0.291 

/ 6.4 

1.62 

/ 1.4 

0*910 

B 


0.512 

- 8.6 


/ 6.3 

1.60 

/ 1.3 

h.899 



0.506 

- 8.7 

0*285 

/ 6.2 

1.38 

/ 1*2 

0.889 



0.500 

- 8.8 

0.281 

/ 6.1 

1.56 

V 1.1 

0.879 



0.494 

- 8.9 

0.278 

5 6.0 

BVvvBHH 

vim 

■*F : 


4.0 

0.489 

- 9*0 

0.275 


1.53 1 

/ 0.9 

0.839 

- 

4.1 

0.483 

- 9.1 

0.272 

HU 

1.51 

/ 0.8 

0.849 

- 

4.2 

0.478 

- 9.2 

0.269 

ifif 

1.49 

/ 0.7 

0.840 

- 

4.3 

0.472 

- 9.3 

0.266 

H3 

1.48 

/ 0.6 

0.830 


4.4 

0.467 

- 9-4 

0.262 

Vfffii 

1.46 _ 

mn 

0.820 


4.3 

0.461 

-9.5 

0.259 


ebssh 

H*KI 

0.811 


4.6 

BOSH 

- 9p6 

0*25b 

■Wffj 

ESS^H 

H.KI 

0.802 


4.7 


- 9.7 I 

0.254 

Bwvri 

wmwm 

■Win 

0*792 


4.8 


- 9.9 

0.251 



■Vnn 

0.784 


4.9 


- 9.9 

0.248 

Li a.ftj 

HH 

Hs&l 

■iJIniiMH 

- 

5,9. 

EREHHI 

-10.0 

0,245 


49 
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TABLE I 

Relationship of DBM Versus RMS Voltage Across 

600 Ohms 

Page 3 of 6 Pages 
(-10.0 to -30.0 DBM) 

(0.245 to 0.0245 Volts) 
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TABLE I 
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Relationship of DBM Versus BMS Voltage Across 
600 Ohms 


Page 4 of 6 Pages 
(-30.0 to -50.0 DBM) 
(0.0245 to 0.00245 Volts) 


DBM 

VOLTS 

m 

VOLTS 

DBM 

VOLTS 

DBM 

VOLTS 

-30.0 . 


m 

wmm 

Sfjfll 

HHSH 

-45.0 

0.00436 

-30.1 

0.0242 

-35*1 


M5IW 


-45.1 

0.00431 

-30.2 

0.0239 

-35*2 

0,0135 

-40.2 


-45.2 

0.00426 

-30.3 

0.0237 

-35.3 

0.0133 

-40.3 


-45.3 

0.00421 

-30.4 

0.0234 

-35.4 

0.0132 

-40.4 


-45.4 

0.00416 

-304 



_ 0^0130 

ram 


1-45.5 

o.oo4ii 

-30.6 

0.0229 

-35.6 

0.0129 

BSSBsM 



o'. 00407 

-30.7 

0.0226 

-35.7 

0.0127 

-40.7 


-45.7 

0.00402 

-30.8 

0.0223 

-35.8 

0.0126 

-40.8 

gggjjKSM 

-45.8 

0.00397 

-30.9 

0.0221 

-35.9 

0.0124 

-40.9 


-45.9 

0.00393 

EaEI 

0.0218 

-36.0 

0.0123 


0,00690 

-46.0 

0.00388 

-31.1 

0.6216 

-36.1 

0.0121 

-41,1 


-46.1 

0.003B4 

-31.2 

0.0213 

-36.2 

0.0120 

-41.2 


-46.2 

0.00380 

-31.3 

0.0211 

-36.3 

0.0119 

-41.3 


-46.3 

0.00375 

-31*4 

0.0209 

-36.4 

0.0117 

-41.4 


-46.4 

0.00371 

-31.5 

0.0206 

-36.5 

Cu01l6 

-41.5 

SvwSrnfl^HI 

-46.5 

0.00367 

-31.6 

0.0204 1 

-36*£ 

0.0115 

LT41.6 


~-46.6 

0.00362 

-31.7 

0.0201 

-36.7 

0.0113 

-41.7 


-46.7 

0.00358 

-31.8 

0.0199 

-36.8 

0.0112 

-41.8 


-46.8 

0.00354 

-3l« 9 

0.0197 

-36.9 

0.0111 

-41.9 


-46.9 

0.00350 

~32«0 

0.0195 

-37.0 

0.0109 

-42.0 


-47.O 

0.00346 

-32*1 

0.01Q2 

-37.1 

0.0108 

-42.1 


-47 a 

0.00342 

-32.2 

0.0190 

-37.2 

0.0107 

-42.2 

1 

-47.2 

0,00338 

-32-3 


-37.3 

0.0106 

-42.3 

KOI H 

: -47.3 

0.00334 

-32.4 

0.0186 

-37.4 

0,0104 

■-42.4 


-47.4 

0.00330 

-32.5 

0.0184 

-31.5 _ 

0.0103 

-42.5 

mSSESn 

-47.3 

0.00327 

-32.6 

0.0182 

-37.5 

0.0102 

^42.6 


-47.6 

0.00323 

-32.7 

O.OI79 

-37-7 

0.0101 

-42.7 


-47.7 

0.00319 

-32.8( 

0.0177 

-37.8 

0.00998 

-42.8 


-47.8 

0.00316 

-32.9 

O.O175 

-37.9 

0.00987 

-42.9 

TO; Am 

-47.9 

0.00312 

-33.0 

0.0173 

-38.0 

0.00975 _ 

-43.0 


-48,0 

0.00308 

-33.1 

0.0171 

-38,1 

0.009^ 

-43.1 


BSsSm 

0.00305 

-33-2 

O.OI69 

-38.2 

0,00953 

-43.2 



0.00301 

-33.3 

0.0168 

-38.3 

0,00942 

-43.3 


H&KI 

0.00298 

-33.4 

o.oi 66 

-38.4 

0.00931 

-43.4 


BsSB 

0.00295 

-33.5 

0.0164 

-38.5 . 

0,00921 

-43.5 


! -48.5 

0.00291 

-33.6 

0.0162 

-38.6 

0.00910 

-43'.6 



MQ1 ’ M 

-33.7 

0.0160 

-38.7 

0.00899 

-43.7 


-48.7 

0.00285 

-33.8 

0.0158 

-38.8 

0.00889 

-43.8 


-48.8 

0.00281 

-33.9 

0.0156 

-38.9 

0.00879 

-43.9 


-48.9 

0.00278 

-34.0 

0.0155 

-39. Q_ 

0.00869 

-44.0 


-49.O 

0.00275 

-34.1 

0.0153 

-39.1 

0.00859 

■VWfTT" 


-49.1 

0.00272 

-34.2 

0.0151 

-39*2 

0.00849 

-44.2 


-49.2 

0.00269 

-34.3 

0.0149 

-39.3 

0.00840 

-44.3 


: -49.3 

0.00266 

-34.4 

0.0148 

-39.4 

0.00830 

-44.4 


-49.4 

0.00262 

-34.5 

0.0146 

-39.5 

0.00820 

-44.5 


-49.5 

0.00259 

"=yrr“ 


-39.6 

oTooBil 

'-44';'6 ' 


-49.6 

0.0025b 

-34.7 


-39.-7 

0.00802 

-44.7 


-49.7 

0.00254 

-34.8 

■ 

-39-8 

0.00792 

-44.8 

sz 

-49.8 

0.00251 

-34.9 


-39.9 

0.00784 

-44.9 

pigBB 5 IB 

-49.9 

0.00248 

-35.0 1 


-40.0 

0.00775 

-45.0 


-50.0 

0.00245 
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TABLE I 

Relationship of DBM Versus RMS Voltage Across 
600 Ohms 

Page 5 of 6 Pages 
(-50.0 to - 70.0 DM) 

(0.00245 to 0.00024-5 Volts) 
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REA-TE & CM-407 


TABLE I 

Relationship of DBM Versus RMS Voltage Across 
600 Ohms 

Page 6 of 6 Pages 
(-70.0 to -90.0 DBM) 

(0.000245 to C. 0000245 Veits) 


DBM 

VOLTS 

DBM 

VOLTS 

DBM 

VOLTS 

1 

DBM 

„ 

VOLTS 

-70.0 

0.000245 

-75.0 


li 


ill 1 


-70.1 

-70.2 

-70.3 

-70.4 

-70.5 

O '. 000242 
0.000239 
0.000237 
0.000234 
0.000231 

-75.1 

-75.2 

-75.3 

-75.4 

-75.5 



$|§ 

^85.1 

-85.2 

-85.3 

-85.4 

-85.5 


-70.6 

- 70.7 

-70.8 

- 70-9 

- 71.0 

0.000229 

0.000226 

0.000223 

0.000221 

0.000218 

-75.6 

-75.7 

- 75.8 
- 75 .9 
-76.0 

|W7|7 jjTpHMi 

-80.6 

- 00.7 

-80.8 

-80.9 

- 31.0 

0.0000723 

0.0000715 

0.0000706 

0.0000698 

0,0000690 

-85.6 

“85.7 

-85.8 

-85.9 

-86.0 

|iij 

- 71.1 

- 71.2 

- 71.3 

- 71.4 

- 71.5 

II 

-76.I 
-76.2 
- 76.3 
- 76.4 
.- 76 . 5 .... 

0.000121 

0.000120 

0.000119 

0.000117 

0.000116 

-81.1 

|-8l.2 

-81.3 

-81.4 

'- 81.5 

0.0000683 

0,0000675 

0.0000667 

0.0000659 

0.0000652 


■ 

-71.6 

- 71.7 

- 71.6 

- 71.9 

-72.0 

Ml 

-76.6 

-76.7 

-76.8 

-76.9 

- 77-0 

ma 

-81.6 

'-81,7 

-81.8 

-81.9 

-82.0 

■ 

-86.6 

-86.7 

-86.8 

-86.9 

-87.0 

0.0000362 

0.0000358 

0.0000354 

0.0000350 

0.0000346 

- 72.1 

-72.2 

- 72.3 

- 72 . 

- 72.5 

0.000192 

0.000190 

0.000188 

0.000186 

0.000184 

H 

m 

-82.1 1 

-82.2 
- 82.3 
- 02.4 
-02 . 5 

IB 

-87.1 

-87.2 

- 87.3 

- 87.4 

- 87.5 

0.0000342 

0.0000338 

0.0000334 

0.0000330 

0.0000327 

-72.6 

- 72.7 

-72.8 

- 72.9 

- 73.0 

■ 

- 77.6 

- 71.7 

- 77.8 

- 77-9 

-78.0 

■ 

-82.7 

-82.8 

-82.9 

-83.O 

0.0000574 

0.0000568 

0.0000561 

0.0000555 

0.0000548 

-87.6 

- 87.7 

-87.8 

- 87.9 

-88.0 

■ 

- 73.1 
- 73.2 
- 73 - 3 
" 73-4 
- 73.5 

0.000171 

0.000169 

0.000168 

0.000166 

0.000164 

gniKH 

0.0000964 

0.0000953 

0.0000942 

0.0000931 

0.0000921 

- 83 .I " 

-83.2 

- 83.3 

- 83.4 

- 83.5 

0.6000542 

0.0000538 

0.0000530 

0.0000524 

0.0000518 


0.0000305 

0.0000301 

0.0000298 

0.0000295 

0 .0000291 

- 73.6 

- 73-7 

- 73-8 

> 73.9 

- 74.0 

HI 

-78.6 

-78.7 

-78.8 

-78.9 
-79.0 . 

■ 

-83.6 

- 33.7 

-83.8 

- 33.9 

- 84.0 

0.0000512 

0.0000506 

0.0000500 

0.0000494 

0,0000489 

-88.6 

-88.7 

-88.8 

-88.9 

-89.0 

Gj| 

- 74.1 

- 74.2 

- 74.3 

- 74.4 

- 74.5 


r-79.1 
-79.2 
-79.3 
-79.4 
-79.5 . 

0.0000859 

0.0000849 

0.0000840 

O.OOOO83O 

0 .0000820 

| 

Hi 

” 339.1 

-89.2 

489.3 

489.4 
“ 89.5 

■ 

- 74.6 
- 74.7 : 
- 74.8 
- 74.9 
-- 75 ... 0 . 

BBI 

-79.6 

“ 79-7 

- 79-8 

- 79.9 

-80.0 

l§§ 

- 84.6 

- 84.7 

- 84.8 

- 84.9 

1 -85.0 

■ 

-89.6 

- 89.7 

-89.8 

-89.9 

-90.0 

jjj|j 
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REA-TE & CM -407 


TABLE II 


"WET" TO "DRY" ATTENUATION CORREC TION FA CTORS 

Factors by LTTich !! V7et’ : Attenuation slfould "be Multiplied to Obtain 
"Dry" Attenuation for Various 5-Inch Spaced Facilities. 


Frequency 

in 

KC 

Copper - Steel 

.104" 

CU 

- 

.109” 

Steel 

"A” 

Coated 

,080 w '1 
(30/,) 

.080" 

(40$) 

m 

aa 

O O 

— T 

1 




•7T 


• 94 

50 

.95 

.90 

.90 

.86 

.83 

.98 

100 

.92 

.89 

.87 

.85 

.80 

.98 

200 

.86 

.85 

.82 

.82 

.77 

.98 

300 

.84 

.82 

.79 

.80 

.74 

.90 

360 

.81 

.79 

.77 

.78 

.72 

.88 


TABLE III 

TEMPERATURE CORRECTION FACTORS 

Class of Facilities 


Loaded Cable, Voice Frequencies 

5 

Non-loaded Cable, Voice Frequencies 

10 

Non-loaded 

cable. Carrier Frequencies 

10 

Open-wire, Voice Frequencies 

10 

Open-wire, Carrier Frequencies 

5 


TABLE IV 

REFLECTION LOSSES IN DB FOR VARIOUS DISSIMILAR FACILITIES 
FROM 1 TO 400 KC/S 

. (Pages ^4 to $6 ) 

Cable Characteristics : at 1 KC/S. (All Paper Insulated) 

26 GA: 0.079 mfd/mi. 

24 GA: 0.084 mfd/mi . 

22 GA: 0.082 mfd/ml. 

19 GA: 0.084 mfd/ml. 

above 1 KC/S 

24 GA: 0.088 mfd/mi. (Paper) 

22 GA: O.O73 mfd/mi. (Plastic) 

19 QA: 0.084 mfd/mi. (Paper) 

Open Wire Characteristics: 

8 inch spaced. 
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TABLE IV 

REFLECTION LOSSES IN DB AT 1 KC/S 


KEA-TE & CM - 407 



Note: Negative sign indicates reflection gain. 

































TABLE IV. REFLECT!™ LOSSES IK DB. 


REA-TE & CH-^O/ 



Note: Negative sign indicates reflection 




























































REA-TE & CM -407 


TABLE V 

CORRECTION FACTORS TO BE APPLIED TO THE 
VOLTMETER READINGS IN THE PRESENCE OF NOISE. 


D 

F 

D 

F 

0.5 

| 8.8 

7.0 

0.7 

1.0 

' 6.5 

7-5 

0.6 

1.5 

; 4 *7 

8.0 

0.5 

2.0 

3-4 

8.5 

0.4 

2.5 

i 2.7 

9-0 

0.3 

3-0 

: 2.2 

9.5 

0.3 

3.5 

1 1.9 

10.0 

0.3 

4.0 

1.7 

10.5 

0.25 

4.5 

| 1.4 

11 

0.20 

5-0 

1.3 

12 

0.20 

5.5 

! 1.1 

13 

0.20 

6.0 

j 0-9 

14 

0.10 

6.5 

! 0.8 

i 

15 

[ 

0.10 


PROCEDURE : Measurements performed according to 
paragraph 9 .O 3 in text. 


!• D represents the difference of levels in db 
of steps 1 and 2, paragraph 9 - 03 . 

2. F is the value corresponding to above 
difference that must be subtracted from 
reading of step 1, par. 9. 03 to obtain 
true signal level. 

NOTE : Correction applies to average reading 

a.c.-vtvm such as H. P. 40QD or H types or 
equivalent . 


59 




